Electronic Version 
Stylesheet Version vl.1.1 

Description 
[A WAFER BUMPING PROCESS] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 92106130, filed on March 20, 2003. 
Background of Invention 

[0002] Field of the Invention 

[0003] This invention generally relates to a solder bumping pro- 
cess, and more particularly to a process for forming high 
bumps by using a thin photoresist layer. 

[0004] Description of the Related Art 

[0005] The solder bumping process is widely used in flip chip 
technology. This process comprises forming an under 
bump metallurgy ("UBM") layer on the bonding pads of the 
wafer; forming solder bumps on the UBM layer; and con- 
necting the wafer with the substrate via solder bumps. Be- 
cause the coefficient of expansion of the chip is different 
from that of the substrate, solder bumps receive more 



shear stress when the gap between the chip and the sub- 
strate is small. Hence, this reduces solder bumps" me- 
chanical reliability. 

[0006] Therefore, higher solder bumps are needed to increase 

the distance between the substrate and the chip to reduce 
the shear stress. 

[0007] FIGS. 1-2 show a prior art process of forming high bumps. 
Referring to FIG. 1, a passivation layer 104 is formed to 
cover the surface of the wafer 100 and to expose the 
bonding pad 102. A UBM layer 106 is formed to cover the 
passivation layer 104 and the boding pad 102. Then the 
patterned photoresist layers 108 and 110 are formed on 
the UBM layer 106. The solder material 112 is filled into 
the opening that is formed by the patterned photoresist 
layers 108 and 110. By increasing the thickness of the 
photoresist layers 108 and 110, the depth of the resulting 
opening becomes larger and more solder material 112 can 
be filled into the opening. The width of the opening of the 
photoresist layer 108 is around 100~120 urn. The thick- 
ness of the photoresist layers 108 and 110 is around 
100um. 

[0008] Referring to FIG. 2, the photoresist layers 110 and 108, 

and a portion of the UBM layer 106 are removed. Then the 



solder bump 112a is formed after the reflow step. 
[0009] | n this prior art process, because the opening of each pat- 
terned photoresist layer is small, multiple layers of pat- 
terned photoresist layers are stacked to form deeper 
openings. Thus, more solder material can be filled into 
the opening. However, using the current photolitho- 
graphic techniques to form a deep (100~140um) and 
small opening (<100um) is very difficult, thus resulting in 
a lower reliability and yields. 

[0010] 

Summary of Invention 

[001 1] An object of the present invention is to provide a wafer 
bumping process by at least using a thinner photoresist 
layer with a bigger opening to form a high solder bump. 

[0012] Another object of the present invention is to provide a 
wafer bumping process to form at least a high bump 
thereby increasing the distance of the substrate and the 
wafer and thus reducing the shear stress received by the 
bump and thereby increasing its mechanical reliability. 

[0013] The present invention provide a wafer bumping process, 
comprising the steps of: providing a wafer including a 
plurality of bonding pads and a passivation layer thereon, 



the passivation layer covering the surface of the wafer and 
exposing the bonding pads;forming a first under bump 
metallurgy layer covering the passivation layer and the 
bonding pads; forming a first patterned photoresist layer 
on the first under bump metallurgy layer, the first pat- 
terned photoresist layer including a plurality of first open- 
ings corresponding to the bonding pads and exposing a 
portion of the first under bump metallurgy layer; forming 
a second under bump metallurgy layer within the first 
openings; forming a second patterned photoresist layer 
on the first patterned photoresist layer, wherein the sec- 
ond patterned photoresist layer comprises a plurality of 
second openings, wherein the second openings are larger 
than the first openings to expose a portion of the second 
under bump metallurgy layer; filling the second openings 
with a solder material and the solder material covering the 
exposed portion of the second under bump metallurgy 
layer; reflowing the solder material to form a plurality of 
solder bumps; removing the second patterned photoresist 
layer and the first patterned photoresist layer to expose a 
portion of the first under bump metallurgy layer; and re- 
moving the exposed portion of the first under bump met- 
allurgy layer. 



[0014] | n the present invention, the step of filling the solder ma- 
terial can use the electroplating method, the ball- 
mounting process or the printing method, and the shape 
of the second openings can be of any shape, such as 
round, quadrilateral or multilateral, so long as the second 
openings can expose at least a portion of the second un- 
der bump metallurgy layer. For example, the second 
openings can be canted to expose a portion of the second 
under bump metallurgy layer. 

[0015] According to one aspect of the present invention, the size 
of the second openings is larger than that of the first 
openings to expose a portion of the second under bump 
metallurgy layer so that, during the reflow process, the 
solder material uses the second under bump metallurgy 
layer as bases to form bumps with a height higher than 
the second patterned photoresist layer. 

[0016] Therefore, the size of second openings can be adjusted 

according to the amount of the solder material. For exam- 
ple, the size of second openings can be bigger to accom- 
modate more solder material if the second patterned pho- 
toresist layer is thinner. This also reduces the err rate be- 
cause forming a thinner photoresist layer having a bigger 
opening is much easier than forming a thicker photoresist 



layer having a smaller and deeper opening for the pho- 
tolithography process. 

[0017] Moreover, the second under bump metallurgy layer is 

made of a material that is not melted when the solder ma- 
terial is reflowed. For example, a material of the second 
under bump metallurgy layer includes nickel or copper. In 
addition, unlike the prior art using thicker photoresist lay- 
ers to form high solder bumps, the present invention can 
use thinner photoresist layers to form high solder bumps 
due to the thicker second under bump metallurgy layer. 
Namely, the thickness of the second under metallurgy 
layer is much larger than the first under metallurgy layer. 

[0018] The above is a brief description of some deficiencies in 
the prior art and advantages of the present invention. 
Other features, advantages and embodiments of the in- 
vention will be apparent to those skilled in the art from 
the following description, accompanying drawings and 

appended claims. 
Brief Description of Drawings 

[0019] FIGs.1-2 show cross-sectional view of process steps of a 

prior art wafer bumping process. 
[0020] FIGs. 3-10. show cross sectional views of process steps of 

a wafer bumping process in accordance with the first em- 



bodiment of the present invention. 

[0021] FIG. 11 shows a modified example of the present invention 
when the openings are filled with solder material by using 
an electroplating method. 

[0022] FIG. 12 shows a modified example of the openings in ac- 
cordance with the second preferred embodiment of the 

present invention. 
Detailed Description 

[0023] <First Embodiment of the Present Inven- 

tion>FIGs. 3-10. show cross sectional views of process 
steps of a wafer bumping process in accordance with the 
first embodiment of the present invention. Referring to 
FIG. 3, a substrate 200, such as a wafer is provided. The 
wafer (substrate) having at least an active surface. The 
wafer 200 comprises a plurality of bonding pads 202 and 
a passivation layer 204 covering the wafer surface (active 
surface) and exposing the bonding pads 202. A first un- 
der bump metallurgy layer 206 is formed to cover the 
passivation layer 204 and the bonding pads 202 serve as 
a seed layer for the subsequent electroplating process. In 
a preferred embodiment of the present invention, the first 
under bump metallurgy layer 206 is formed by using a 
sputtering deposition method. The first under bump met- 



allurgy layer 206 is selected from the group of materials 
consisting of Cr, Ti, Ti-W alloy, Cu, Ni, Cr-Cu alloy, Ni-V 
alloy, Ni-Au alloy, and Al. For example, the first under 
bump metallurgy 206 can be a composite layer including 
a titanium (Ti) layer, a nickel-vanadium (Ni-V) alloy layer 
and a copper (Cu) layer. In general, the first under ball 
metallurgy layer has a thickness less than 10 urn. 

[0024] Referring to FIG. 4, a first patterned photoresist layer 208 
is formed on the first under bump metallurgy layer 206. 
The first patterned photoresist layer 208 comprises a plu- 
rality of first openings 208a corresponding to the bonding 
pads 202 that expose a portion of the first under bump 
metallurgy layer 206. The thickness of the first patterned 
photoresist layer 208 is around 30-75 urn. The critical di- 
mension of the first openings is around 160-250 urn. 

[0025] Referring to FIG. 5, a second under bump metallurgy layer 
210 is formed within the first openings 208a and over the 
first under bump metallurgy layer 206. For example, the 
second under ball metallurgy layer 210 is formed by elec- 
troplating using the first under bump metallurgy layer 206 
as a seed layer. In a preferred embodiment of the present 
invention, the second under bump metallurgy layer has a 
height much larger than that of the first under bump met- 



allurgy. 

[0026] Referring to FIG. 6, a second patterned photoresist layer 
212 having a thickness of around 30~75 urn is formed on 
the first patterned photoresist layer 208. The second pat- 
terned photoresist layer 212 includes a plurality of second 
openings 212a. The size of the second openings 212a is 
larger than that of the first openings 208a in order to ex- 
pose the second under bump metallurgy layer 210. 

[0027] Referring to FIG. 7, the second openings 212a are filled 

with a solder material 214. The solder material 214 covers 
the exposed portion of the second under bump metallurgy 
layer 210. In a preferred embodiment of the present in- 
vention, the second under bump metallurgy layer 210 is 
made of a material with a melting point higher than that 
of the solder material. For example, the material of the 
second under bump metallurgy layer includes nickel (Ni) 
or copper (Cu); and the material of the solder material can 
be a Sn-Pb alloy, a high lead solder, or a Sn-Ag-Cu alloy. 
The solder material 214 is disposed and filled into the 
second openings 212a by, for example, the electroplating 
method, the ball-mounting process or the printing 
method. In addition, when the material of the solder 
bump is made of gold, the melting point of the gold bump 



shall be lower than the second under bump metallurgy 
layer. 

[0028] Referring to FIG. 8, a reflow process is performed to trans- 
form the solder material 214 into a plurality of solder 
bumps 214a. Because the melting point of the second un- 
der bump metallurgy is higher than that of the solder ma- 
terial, the second under bump metallurgy layer is not 
melted during the reflowing of the solder material. Fur- 
thermore, the size of the second openings 212a is larger 
than that of the first openings 208a. Accordingly, the sol- 
der material 214 uses the second under bump metallurgy 
layer 210 as bases to form solder bumps 214a with a 
height higher than the second patterned photoresist 212 
layer (i.e. the height (h2) of the solder bumps is larger 
than the thickness (hi) of the second patterned photore- 
sist 212 layer). The solder bumps formed by the pro- 
cesses of this invention are higher than the solder bumps 
formed through conventional processes, by using a thin- 
nerpatterned photoresist layer for the solder material. 

[0029] Referring to FIG. 9, the second patterned photoresist layer 
212 and the first patterned photoresist layer 208 are re- 
moved to expose a portion of the first under bump metal- 
lurgy layer 206. Then, referring to FIG. 10, the exposed 



portion of the first under bump metallurgy layer 206 is 
removed. 

[0030] <Second Embodiment of the Present lnvention>ln the first 
embodiment of the present invention, if the openings are 
filled with solder material 214 by an electroplating 
method, then the aforementioned bumping process can 
be performed in a slightly different way. Such as the fol- 
lowing, the second patterned photoresist layer 212 and 
the first patterned photoresist layer 208 are removed first 
to expose a portion of the first under bump metallurgy 
layer 206. Then, the exposed portion of the first under 
bump metallurgy layer 206 is removed (shown in Fig. 11). 
Then as shown in Fig. 10, the reflow process is performed 
to turn solder material 214 into a plurality of solder 
bumps 214a. 

[0031] Furthermore, the step of removing the exposed portion of 
the first under bump metallurgy layer 206 can be per- 
formed after the solder bumps 214a have been formed. 

[0032] | n t he present invention, the shape of the second open- 
ings can be of any shape, such as round, quadrilateral or 
multilateral, or even with slanting sidewalls, so long as the 
second openings can expose at least a portion of the sec- 
ond under bump metallurgy layer. For example, in FIG. 12, 



the second openings 312a taper towards the underlying 
second under bump metallurgy layer 210 to expose at 
least a portion of the second under bump metallurgy layer 
210. 

[0033] According to one major aspect of the present invention, 

the second under bump metallurgy layer is made of a ma- 
terial that is not melted when the solder material is re- 
flowed and the size of the second openings is larger than 
that of the first openings to expose a portion of the sec- 
ond under bump metallurgy layer so that, during the re- 
flow process, the solder material uses the second under 
bump metallurgy layer as bases to form higher bumps. 
Compared with the solder bumps formed through con- 
ventional processes, the solder bump provided by the 
present invention has a higher height, using the thinner 
patterned photoresist layer for defining the volume of the 
solder material. 

[0034] As mentioned above, therefore, the size of second open- 
ings can be adjusted according to the amount of the sol- 
der material. For example, if the second patterned pho- 
toresist layer is designed to be thinner, the sizeof second 
openings can be designed to be bigger to accommodate 
the same amount of the solder material. This also reduces 



the err rate because forming a thinner photoresist layer 
having a bigger opening is much easier than forming a 
thicker photoresist layer having a smaller and deeper 
opening for the photography process. 

[0035] unlike the prior art using thicker photoresist layers to 

form high solder bumps, the present invention uses thin- 
ner photoresist layers to form high solder bumps. 

[0036] The above description provides a full and complete de- 
scription of the preferred embodiments of the present in- 
vention. Various modifications, alternate construction, and 
equivalent may be made by those skilled in the art without 
changing the scope or spirit of the invention. Accordingly, 
the above description and illustrations should not be con- 
strued as limiting the scope of the invention which is de- 
fined by the following claims. 

[0037] 



